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9.1 INTRODUCTION 
 
In recent years, happening of few catastrophic natural disasters have raise the awareness of public on 
environmental issue that the Earth is getting sick. Preservation and conservation of environment 
started to be given concern by people all over the world. Sustainable development is becoming the 
trench of construction industry nowadays and many countries start emphasizing on application of 
green practices in building construction. 
 
 Urbanization results in rapid growth of construction industry causes depletion of natural 
resources especially aggregates (sand and gravels) which are the most widely used raw materials in 
construction process. Besides, waste problem is also considered as one of the most challenging 
problem facing human beings nowadays. Electronic waste or E-waste is one of the most rapidly 
growing waste in the world due to significance increase in use of electronic equipment in recent 
decades.  According to World Counts, around 40 million tons of E-wastes are produced every year. 
[1] While optical disc (OD) is one of the most commonly dumped materials and they are usually 
disposed either in landfill or incinerators. The main factor of this problem is due to the evolution of 
electronic storage media as variety types of data storage devices are invented such as external hard 
disk and USB flash drive making the ODs become obsolete. To solve these problems, it is suggested 
that waste ODs could be used as replacement material of coarse aggregates in concrete mixtures.  
 
 In this study, several laboratory tests were performed on concrete specimens produced with 
waste ODs as partial replacement material of coarse aggregates to identify their mechanical properties 
including compressive strength and split tensile strength as well as their flexural behavior. 24 units of 
concrete cube specimens with age 7 and 28 days, size of 150mm were prepared for compressive 
strength test; 12 units of cylinder specimens with age 28 days, size of 100mm diameter and 200mm 
length for split tensile strength test; and 8 units of beams with age 28 days, size of 100mm x 100mm x 
500mm for flexural strength test (centre point loading test). 
                                        Construction Materials and Technology Series 1 2018 
ISBN 978-967-2183-19-8 
 
124 
 
9.2 LITERATURE REVIEW 
 
The reason of choosing OD as replacement of coarse aggregate is due to its plastic properties that 
potentially make concrete become more durable, higher excellent thermal insulation and higher 
resistance to chemicals.  
 
 There are two experimental researches on using Compact Disc (CD) in concrete mixture in the 
past. First research about addition of CD shreds in concrete mixture has been reported by W. C. Tang 
in Hong Kong to study mainly on the size effect of waste CD shreds on fracture properties of 
concrete. [2] It was found that the higher proportion and larger size of CD shreds increase fracture 
characteristics and cracking resistance significantly at the same time reducing brittleness. However, 
strength properties of concrete decreased with high proportion and size of CD shreds.  
 
 Another research was conducted in USA in 2016 to investigate the mechanical properties of 
concrete with CD as partial replacement of fine aggregates. [3] Samples prepared for testing were 5%, 
10%, 15% and 20% CD as replacement of fine aggregates by weight. The mechanical properties of 
samples were examined including workability, bulk density, compressive strength and split tensile 
strength. The results obtained from each test were compared with control or reference concrete. 
Workability and dry density of concrete samples was found decreased when the percentage of CD 
mixed increased. While compressive, flexural and split tensile strength increased until 15% CD 
replacement and starting to drop on 20% sample. The research was concluded that it is applicable to 
replace fine aggregates using CD as it provides acceptable strength development in concrete.  
 
PROPERTIES OF OPTICAL DISC 
 
Optical Disc (OD) is a digital data storage device which can be used to store music, video and other 
computer data. First OD that become widespread in society is compact disc(CD). It was invented in 
year 1982 as the product of collaboration between Philips and Sony. Since then, CD became the most 
used and dominant data storage device and 200 billion of CDs are sold worldwide by 2007. [4] But 
due to the invention of other forms of digital storage format such as USB flash drive and online data 
storage slowly replace role of CDs, CD is no longer the popular electronic storage device and disposal 
of large number of CDs brings great environmental effect. 
 
CD is made of polycarbonate plastics with a thin layer of aluminium applied on surface as 
reflective material to reflect light of reading laser. A protective layer of lacquer is coated on 
aluminium and a label is printed on top of CD. The structure of CD is circular shape with standard 
size of 120 mm in diameter with thickness of 1.2 mm. There is also a “mini disc” with 80 mm 
available in the market. The centre hole is 15 mm and overall weight of disc is approximately 16 
grams.  A standard CD normally comes with the capacity of 700 Megabytes which hold up to 80 
minutes of audio. The most common CD formats in the market are CD ROM, CD-R, CD-RW, Mini 
CD and VCD. Structure of a CD is shown in Figure 9.1. 
 
Since main raw material of manufacturing a CD is Polycarbonate, the properties of CD can 
directly refer to Polycarbonate. Polycarbonate is a type of plastics and it makes CD a non-
biodegradable material. So, it is very non-environmental friendly to dispose CDs in landfill. CD has 
light weight and durable due to low density and high impact strength of Polycarbonate. Besides, CD 
is also having high melting point and good insulation properties. It is also chemical resistant as 
Polycarbonate is biologically inert. 
                                        Construction Materials and Technology Series 1 2018 
ISBN 978-967-2183-19-8 
 
125 
 
 
Figure 9.1: Structure of a Typical Compact Disc 
 
USE OF RECYCLED MATERIALS IN SUSTAINABLE CONCRETE 
 
Due to increasing awareness and concern of publics on environmental impact caused by production of 
concrete, a concept of sustainable concrete or green concrete came out which utilizing recycled 
materials to replace cement and aggregates to increase greenness of concrete. Some examples of using 
wastes as replacement of cement, fine aggregates and coarse aggregates were discussed below. 
 
Fly ash is the most common used industrial wastes as replacement material of cement due to 
its ability to provide greater strength, durability and higher resistance to chemical in concrete mixture. 
It is the by-product of coal combustion produced in electrical power generation plants. The potential 
of fly ash used as supplementary cementitious material (SCM) has been discovered since early last 
century. It normally replaces the cementitious material with range between 0 to 30% by weight. [5] 
There are several advantages of adding fly ash in concrete such as workability improves, lower water 
demand, lower heat of hydration, permeability reduces, and concrete become more economical. [6] 
  
Ground Granulated Blast Furnace Slag (GGBS) is also one of the most used industrial waste 
to replace cement to produce sustainable concrete. It is grassy and granular solid waste generated in 
large amount from steel and iron manufacture process. GGBS exhibits cementitious properties which 
act as pozzolans to mix with Portland cement and produce fewer large capillary pores results in water 
permeability of concrete decreases and hence durability increases. [7] Less content of free lime in 
GGBS compared to Portland cement also makes concrete produced more chemically stable. 
  
 Waste glass is valuable resources that should be recycled to reduce the environmental 
problem. Several studies have been conducted to identify concrete performance of using waste glass 
in replacement of fine aggregates. Replacement of traditional fine aggregate with crushed glass can 
increase the compressive strength of concrete due to the interlocking properties of glass. Furthermore, 
shape and texture of glass also increase split tensile strength and flexural strength. [8] However, high 
silica content of glass react with alkali in pore solution of concrete and greatly influence the alkali-
silica reaction (ASR) results in detrimental effect to concrete stability where ASR causes expansion of 
swelling gel of C-S-H and leads to reduction in concrete strength. [9] 
 
COMPRESSIVE STRENGTH OF CONCRETE 
 
There are various types of strength can be measured in concrete including compressive, tensile, shear 
and torsion. Among these strengths, compressive strength is the most significant as the primary 
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function of concrete is to resist compression. Since concrete is an excellent material used to sustain 
compression loading, it is often used in construction of building structures, tunnel lining, dams and 
arches with compression as principal loading. [10] It is usually paired with reinforcing steel which 
resist tension applied in the structure.  
  
Factors such as water/cement ratio, aggregate/cement ratio, degree of compaction, temperature 
and relative humidity influence the compressive strength of concrete so that they must be suitably 
designed and controlled for concrete to reach optimum strength. [11] Standard compressive test is 
usually performed on concrete samples with age 7, 14 and 28 days.  
 
TENSILE STRENGTH OF CONCRETE 
 
Although concrete is mainly used for resist compression, tensile strength of concrete also plays 
important role in avoiding fracture by bending, shrinkage, freezing and thawing. Concrete is easily 
cracks when dealing with tensile forces especially for unreinforced structure, roadway and slab with 
large surface area. Compared to compressive strength, tensile strength is far lower as it only has 10 to 
20 percent of compressive strength. There are some factors affect tensile strength in different scale. 
For example, for concrete with age more than one month, tensile strength increases slower than 
compressive strength and tensile strength is more sensitive to insufficient curing. [12]  
 
 The tests carried out to examine tensile strength of concrete can be divided into two types: 
indirect and direct method. Normally direct method is not performed in concrete as it is difficult to 
grip and align the brittle concrete. So that tensile strength is usually tested indirectly by split tensile 
strength test on cylindrical specimen using compression machine. 
 
FLEXURAL BEHAVIOUR OF CONCRETE BEAM 
 
Flexural behaviour of concrete beam is defined as performance of beam or slab when bending stress 
applied on the centre. While flexural strength is a measure of tensile strength to resist bending failure. 
Flexural strength of a concrete structure is usually tested in ASTM C 78: Third point loading test or 
ASTM C 293: Centre-point loading as shown in Figure 9.2 to obtain the highest stress can be 
withstood by structure before bending failures. In a concrete structure, the main function of concrete 
is to sustain compression loads and corresponding bending and shear stress. If the structure tested is 
made of reinforced concrete, steel is used as reinforcement to resist tension. Both concrete and steel 
work together to achieve maximum stress point or flexural strength. Both concrete and steel in 
homogeneous condition will achieve stress and corresponding strain due to external applied load 
simultaneously. [13]  
 
    
Figure 9.2: ASTM International Standard Flexural Test 
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9.3 METHODOLOGY 
 
A methodology flow chart as shown in Figure 9.3 was prepared to show the sequence of activities that 
carried out from beginning stage until all laboratory test results were obtained and analyzed. 
 
 
Figure 9.3: Methodology Flow Chart of Study 
 
PREPARATION AND SELECTION OF MATERIAL 
  
a) Cement 
 
Type of cement used in this study was Ordinary Portland Cement (OPC) which is the most 
widely used cement in construction industry. The main ingredients of OPC are clinker, lime, silica, 
with small proportions of alumina and iron oxide. 
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b) Fine Aggregate 
 
Natural sand that can passing through 5 mm sieve is chosen to be used as fine aggregate in concrete 
mixture for preparing concrete specimen. Grading of sand collected must be fall within the grading 
limit according to BS 882:1992 (BS 410). 
 
c) Coarse Aggregate 
 
Coarse aggregate was prepared by selecting gravel that passing through 20 mm sieve and retained on 
5 mm sieve. Grading limit of coarse aggregate was in accordance to BS 882:1992 (BS 410). 
 
d) Optical Disc Shred 
 
Waste ODs (Figure 9.4) were collected without limited to one OD type as every type of ODs are 
acceptable including CD-R, VCD and DVD. ODs were cut using scissors into small shreds with size 
smaller than 20mm as shown in Figure 4 since they are used to replace gravels.  
 
 
Figure 9.4: OD Shreds 
 
CONCRETE MIX DESIGN 
 
The purpose of concrete mix design is to select correct proportions of cement, fine aggregate, 
coarse aggregate and water cement ratio to produce concrete with specified properties include 
workability, strength, density, durability requirements and so on. BRE method which is formerly 
known as DOE method was chosen to design concrete mixes in this study. Specification set was 
characteristic strength of 25 MPa at 28 days with allowable slump between 30 to 60 mm. Concrete 
mix design applied is shown in Table 9.1. 
  
Table 9.1: Concrete Mix Design 
 
 
 
 
 
 
 
LABORATORY TEST 
 
a) Slump Test 
 
Slump test was performed to determine the workability of concrete that affecting concrete strength. 
Water cement ratio 0.5 
Cement 420 kg/m3 
Water 210 kg/m3 
Fine aggregate 698 kg/m3 
Coarse aggregate 1092 kg/m3 
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This test was carried out follows the procedures in BS 1881: Part 102: Method of Determination of 
Slump. A metal cone shaped mold was filled up with 3 layers of fresh concrete. 25 strokes of tamping 
were applied for each layer using tamping rod to compact the concrete layer. Slump value was 
recorded by measuring height between top of mold and highest point of specimen after removal of 
mold. 
 
b) Compressive Strength Test 
 
Compressive strength test was performed on cube specimens according to BS1881, Part 116: Method 
for Determination of Compressive Strength of Concrete Cubes. Loading was applied on cubes at 
constant rate until failure and maximum load applied was recorded. Compressive strength of each 
specimen was calculated using equation: 
 
Compressive Strength, Fcu =  (N/mm2)    (1) 
 
c) Split Tensile Strength Test 
 
Split tensile strength test was performed on cylinder specimens to determine the tensile force 
that causes concrete to crack. The test was performed according to procedures in BS 1881, Part 117: 
Method for Determination of Tensile Splitting Strength.  Cylinder was put on compression machine 
and compression force was applied diametrically and uniformly along the length of cylinder until 
failure on its vertical diameter. Split tensile strength of specimens was calculated using equation: 
 
Split Tensile Strength,    (2) 
 
d) Centre Point Loading Test 
 
Centre point loading test was carried out in unreinforced concrete beam to determine the 
maximum load can be sustained by beam until cracks and fails. This test was performed according to 
ASTM C 293: Centre-Point Loading Test. Beam was carefully placed on supporting roller of 
Universal Testing Machine (UTM) and make sure the loading roller was on the centre of beam. 
Loading was applied steadily with constant rate until beam showed completely failure. Maximum 
load applied was recorded and crack or fail pattern was observed. Flexural strength of beam was 
calculated using equation: 
 
Flexural Strength, R =     (3) 
 
9.4 RESULTS AND DISCUSSIONS  
 
Findings of this study were divided into 2 categories: visual finding and experimental finding:  
 
VISUAL FINDING 
 
Visual finding includes the observation on concrete specimens produced with 5%, 10% and 15% ODs 
shreds as replacement of coarse aggregate to figure out and compare their physical differences with 
control specimen as shown in Figure 9.5(a) to (d). 
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                                (a)      (b)                          (c)                          5(d) 
Figure 9.5: Concrete Specimen with (a) 0% OD Replacement (b) 5% OD Replacement 
(c) 10% OD Replacement (d) 15% OD Replacement 
 
As the percentage of OD replacement increased, the amount of honeycomb produced on 
specimen surface also increased. Increasing amount of honeycomb indicated that workability of 
concrete was decreasing with higher percentage of OD replacement as coarse aggregates. 
 
EXPERIMENTAL FINDING 
 
All data collected during laboratory test including slump test, density test, compressive strength test, 
split tensile test and centre loading test was analysed and discussed in this section.  
 
To ease the process of data analysis of different specimens with various shapes, OD 
replacement percentage and curing period, every specimens were given different symbols as shown in 
Table 9.2. Symbol C represent cube, E represent cylinder and B represent beam; number 1 represent 
0% of OD replacement percentage, 2 represent 5%, 3 represent 10% and 4 represent 15%; number 7 
and 28 represent curing period of 7 days and 28 days respectively.  
 
Table 9.2: Different Specimens are Represented by Different Symbols 
Symbol 
Types of 
Specimen 
Percentage OF 
OD 
Curing 
period 
Laboratory test 
C1-7 
Cube 
0 
7 
Compressive 
strength test 
C2-7 5 
C3-7 10 
C4-7 15 
C1-28 0 
28 
C2-28 5 
C3-28 10 
C3-28 15 
E1-28 
Cylinder 
0 
28 
Split tensile 
test 
E2-28 5 
E3-28 10 
E4-28 15 
B1-28 
Beam 
0 
28 
Centre point 
loading test 
B2-28 5 
B3-28 10 
B4-28 15 
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Workability 
 
There were 4 batches of concrete were mixed in this study. Slump test was done on every batches of 
fresh concrete before pouring into the moulds to identify its workability. 
 
Table 9.3: Result of Slump Test 
Specimen Slump Value (mm) 
Normal Concrete 30 
5% OD Concrete 30 
10% OD Concrete 35 
15% OD Concrete 45 
 
According to Table 9.3, it showed that as the percentage of OD replacement increased, slump 
value was higher and workability decreased due to adhesive strength of OD shred with cement was 
getting weaker. However, all slump values obtain were acceptable as they fulfilled requirement of 
slump value between 30 and 60mm in concrete mix design. 
 
Density 
 
Weight of cube specimens that cured for 28 days were obtained before compressive strength test was 
performed. Average density of specimen with different percentage of OD was calculated and plotted 
in bar chart as shown in Figure 9.6. 
 
 
Figure 9.6: Graph of Density Versus Different OD Replacement Percentage 
 
Density of cube specimens decreased as replacement percentage of OD as coarse aggregates 
increased. Reduction in density was due to mass reduction of mixture since density of OD was lower 
than crushed gravel. Density of lightweight concrete is within 1120 to 1920 kg/m3 with minimum 28-
day compressive strength of 17 MPa. [14] Thus, concrete with 10% and 15% OD replacement as 
coarse aggregate is suitable to be used in application of structural lightweight concrete. 
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Compressive Strength 
 
For each proportion of OD replacement of coarse aggregate, 3 specimens were tested to obtain 
average result to increase accuracy and minimize error in producing data. A graph was plotted to 
compare average compressive strength of specimens for 7 days and 28 days of curing as shown in 
Figure 9.7. 
 
 
Figure 9. 7: Graph of Compressive Strength with Different OD Replacement Percentage 
 
Compressive strength of specimens with 7 and 28 days age both showed the decreasing trend 
as the percentage of OD replacing coarse aggregate increased. The decreasing rate of C2-28, C3-28 
and C4-28 compared to C1-28 was 24.06%, 54.46% and 84.35%. Only 10% OD modified concrete 
satisfied the density and strength requirement to be used as structural lightweight concrete (> 17 
MPa). Reduction in compressive strength was due to the increasing fluidity of concrete caused by 
hydrophobic property of plastics with low water absorption restrict the hydration of cement. [15] 
Besides, relatively low strength of OD as plastics particles compared to aggregates was also a reason 
for compressive strength reduction. [16] 
 
Split Tensile Strength 
 
Split tensile strength is important in determining shear resistance of concrete and identify the 
development strength of reinforcement. In this study, three specimens were tested for each OD 
replacement percentage to obtain average value and a bar chart was plotted as shown in Figure 9.8 for 
comparison and data analysis. 
 
Split tensile strength decreased as the percentage of OD replacement in concrete specimen 
increased. This was due to the flakiness of OD with flat and smooth surface reduced the resistance 
among aggregates causing tensile strength reduction. Besides, as plastics content increased in 
concrete, specified surface area increased and more cement paste was needed to form effective bond 
with plastics. Therefore, when cement content remained constant, the bonding formed was not enough 
to cater the increased surface area resulted in strength reduction. [17] However, concrete with plastic 
aggregates tends to exhibit more ductile behavior that helps in reducing crack formation and 
propagation. [18] 
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Figure 9.8: Graph of Density Versus Different OD Replacement Percentage 
 
Flexural Strength 
 
 Flexural strength of concrete was obtained by conducting centre point loading test on beam 
specimens by using Universal Testing Machine (UTM) to examine concrete ability to resist 
deformation under bending load. Crack pattern for every specimen tested were almost the same as 
shown in Figure 9.9. Cracking occurred at the middle of beam where the bending load was applied 
on. Average flexural strength was calculated and tabulated in Table 9.4. 
 
Table 9.4: Result of Centre Point Loading Test 
 
 
 
 
Figure 9.9: Crack Pattern of 5% OD Replacement Concrete Beam 
Sample 
% of 
CD 
Max 
Displacement (m) 
Max Load 
(kN) 
Average Max 
Load (kN)  
Average Flexural 
Strength (MPa) 
B1-28 
0 
0.694 17.15 
19.74 14.80 
B1-28 0.725 22.32 
B2-28 
5 
1.434 21.71 
20.97 15.73 
B2-28 1.22 20.23 
B3-28 
10 
0.59 19.29 
18.88 14.16 
B3-28 1.011 18.46 
B4-28 
15 
2.006 14.71 
15.14 11.36 
B4-28 1.241 15.57 
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The result obtained showed that flexural strength increased from 0% to 5% OD replacement 
concrete but started to decrease for 10% and 15%. B2-28 obtained the highest flexural strength with 
15.73 MPa while B4-28 had the lowest with 11.36 MPa recorded. It indicated that 5% OD 
replacement of coarse aggregate in concrete was optimum percentage to obtain higher flexural 
strength. Concrete with 5% OD has higher flexural strength than normal concrete due to OD is made 
of plastic with high elasticity that enables concrete beam to deflect longer before deformation and 
withstand higher load. However, when OD percentage increased over 5%, flexural strength decreased 
because bond strength between aggregates was greatly reduced resulted in maximum load that able to 
be supported by beam decreased. 
 
 
Figure 9.10: Graph of Maximum Load against Displacement 
 
Figure 9.10 shows how the specimen tested with different OD replacement percentage 
changing its shape or deflect as the load applied increased. A concrete beam with great flexural 
strength must be able to support high load at the same time with high deformation capacity. 
According to graph above, it can conclude that B2-28 with 5% OD replacement as coarse aggregates 
had best flexural performance as it achieved highest strength as well as high deformation capacity 
which means that concrete able to deflect longer before failure under greater load. Although B4-28 
can deflect longer before failure, the maximum load it can support was much lower than B2-28. B4-
28 deflected much longer before failure under lower maximum load due to the presence of OD makes 
beam to have longer plastic region and ductile. 
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9.5 CONCLUSIONS 
 
Following are the conclusions made according to data analysis upon completion of study: 
 
1. Higher percentage of OD replacement as coarse aggregate in concrete increased slump value 
and amount of honeycomb indicated that workability of concrete was getting poorer due to 
adhesive strength of OD shreds with cement became weaker. However, all slump value is still 
acceptable as it fell within the designed slump value range in DOE concrete mix design form. 
2. Replacement of coarse aggregate using OD reduced density of concrete due to density of OD 
was lower than crushed gravel. Density of 10% and 15% OD modified concrete fell on range 
of lightweight concrete while 5% modified concrete was still within normal weight density 
range. 
3. When percentage of OD replacement as coarse aggregate in concrete increased, compressive 
strength decreased for both 7 days and 28 days age. This was due to hydrophobic property of 
plastics with low water absorption restrict the hydration of cement and caused fluidity of 
concrete to increase and thus weakened the compressive strength. 
4. Split tensile strength decreased as percentage of OD replacement in concrete specimen 
increased due to flakiness of OD shreds with flat and smooth surface reduced resistance 
between cement paste and aggregates and finally led to reduction in tensile strength. However, 
concrete with plastic aggregates tends to exhibit more ductile behavior that help in reducing 
crack formation. 
5. During centre loading test, cracking occurred at the middle of beam and crack pattern for 
every beam tested were almost the same. Optimum OD replacement percentage as coarse 
aggregate for high flexural strength was 5% as it supported highest maximum load at the same 
time showing high deformation capacity. 
 
It is recommended that concrete with optical disc (OD) as partial replacement of coarse 
aggregate can be used in following application: 
 
1. 5% OD modified concrete: As normal structural concrete, for cast in-situ, precast and 
prestressed concrete. 
2. 10% OD modified concrete: As lightweight structural concrete, for curbs, balconies, floors, 
fish ponds, partition walls, bridge deck, etc. 
3. 15% OD modified concrete: As foamed concrete which is fill material that filling redundant 
voids such as disused fuel tanks, sewer systems, pipelines, and culverts particularly where 
access is difficult. 
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